Objective: Quantitation of D-dimer level during a sickling crisis and its correlation with other clinical abnormalities. 
Introduction
Sickle cell disease (SCD) is characterized by a hypercoagulable state, a description that unequivocally portrays disease pathogenesis. Thrombogenic and fibrinolytic activities are elevated in patients with SCD both during the steady state and during crises [1] , [2] , [3] , [4] , [5] , perturbations that are predictive of painful crises frequency [5] . The increased thrombogenicity is related to an enhanced pro-coagulant property of sickled erythrocytes [6] . Exposed phosphatidyl serine moieties on sickled red blood cells directly augment thrombin generation [6] . The latter is further amplified by the increased adhesiveness of the formed elements to each other and to the endothelium, reduced blood flow and increased transit time. Thrombin generation is coupled with an increased fibrinolytic activity leading to increased D-dimer levels and plasmin-anti-plasmin complexes. Levels of the former are raised in both the acute sickle cell crisis as well as during the steady state and are reportedly markers of sickle cell disease related complications [2] , [5] , [7] , [8] . The objectives of this study are the quantitation of D-dimer level during a painful crisis and its correlation with other clinical abnormalities.
Materials and methods

Design
Prospective longitudinal study.
Setting
Armed Forces Hospital, Southern Region, Kingdom of Saudi Arabia.
Patients
Adult patients (12 years and older) admitted acutely with sickle cell crises who consent to taking part in the study. Patients who are unwilling to participate in the study are excluded. Candidates may re-participate if they are readmitted with a further acute painful crisis.
Methods
A sickle cell crisis was defined as any increase in bodily pains necessitating hospital admission. Demographic data, routine chemistry, hematology, chest X-ray and D-dimer were recorded on admission. D-dimer level was checked by ELISA (D-Dimer Plus-Dade Behring Marburg GmbH, normal range up to 250 ug/l). Readings are reported as less than 250 ug/l or otherwise the exact figure is quoted. The former are categorized as normal and the latter as raised. For mathematical calculations any reading reported as less or equal to 250 ug/l is computerentered as 250. All chest X-rays are reported by one radiologist who is blinded to the D-dimer and other laboratory results. The following findings on a chest X-ray were considered abnormal: atelectasis, infiltrate, consolidation or pleural effusion. Numerical data are statistically tested for significance using the two-sample t-test or the MannWhitney test. Categorical data are tested using the chisquare test. A p-value of less than 0.05 is considered significant and the exact figure quoted.
Results
Results for 45 painful sickle cell crisis episodes in 36 patients were available. Twenty patients were male (55.6%). Mean age for males was 18.6 years and for females 20.6 years with a range of 12-37 years. D-dimer levels were raised in 31 episodes (68.89%) ( Table 1) . Mean level for these episodes was 1379 ug/l with a range of 274-9143 ug/l. Seven patients contributed to 17 episodes (2-4 episodes each), 11 of which demonstrated a raised D-dimer level. The chest X-ray was reported as abnormal in 13 of the 45 episodes (28.9%), 12 (92.3%) of which had a raised D-dimer (chi-square test, p=0.031) ( Table 1) . Of the 32 episodes where a chest X-ray was reported as normal, 19 (59.4%) had a raised D-dimer level (Table 1 ). Mean D-dimer level was 584.2 ug/l in those with a normal chest X-ray (range 250-3119 ug/l) and 2117.0 ug/l in those with an abnormal one (range 250-9143 ug/l). An elevated D-dimer level has a sensitivity of 92.3%, specificity 40.6%, positive predictive value 38.7% and negative predictive value of 92.9% for an abnormal chest X-ray. The likelihood ratio for an abnormal chest X-ray if the D-dimer test is positive is 1.6. There was no correlation between the D-dimer level and hemoglobin, neutrophil, platelet or bilirubin levels. Lactate dehydrogenase levels were however, significantly raised in those with elevated D-dimer readings (Table 2 ). 
Discussion
This study confirms the presence of raised D-dimer levels during painful sickle cell crises in Saudi patients. Similar findings in other patient populations have previously been reported [1] , [2] , [4] , [7] . This study also shows that an abnormal chest X-ray is almost always associated with an elevated D-dimer level. Conversely, the chest X-ray was reported as normal in the majority of patients with a normal level giving the latter finding a high negative predictive value. Respiratory complications are currently the most common cause of death and second most common cause of hospitalization in patients with sickle cell disease [9] , [10] . Earlier diagnosis of the acute chest syndrome and the prompt institution of treatment are paramount if mortality from this complication is to be reduced. One of the earliest features of the acute chest syndrome is the development of new pulmonary infiltrates in the chest X-ray. Early detection of radiological changes is thus therapeutically and prognostically very important. In the Armed Forces Hospital (Southern Region) where this study was conducted, guidelines for the management of sickle cell crises emphasize the need for the prompt implementation of a sickle chest therapeutic protocol upon the discovery of any new pulmonary shadowing on X-ray. The above findings may therefore be useful in the clinical decision process in that a normal D-dimer level may provide some assurance that the patient is not having the sickle chest complication. On the other hand, a raised D-dimer should encourage a prompt and thorough assessment of the chest X-ray and may be the need for requesting serial X-rays to exclude the development of this potentially fatal complication. Recent literature suggests that anticoagulation with low-dose warfarin significantly reduces the D-dimer levels during a vaso-occlusive crisis [11] . Furthermore, in a more recent double-blind randomized trial, tinzaparin administration to patients with an acute vaso-occlusive crisis resulted in a statistically significant reduction in the number of days with the severest pain score, overall duration of painful crisis, and duration of hospitalization [12] . In conclusion, our findings confirm the raised D-dimer levels during acute sickle cell painful crises and that the majority of patients with an abnormal chest X-ray have a raised level. Studies to qualitatively and quantitatively assess the value of D-dimer testing in sickling crises severity scoring, possible emergency interventional therapies and acute prognostication are needed.
Notes
Conflicts of interest
None declared.
